
US 20050035675A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0035675 A1 
(19) United States 

Yamaguchi et al. (43) Pub. Date: Feb. 17, 2005 

(54) ELECTRIC DRIVE APPARATUS, ELECTRIC 
DRIVE CONTROL APPARATUS AND 
ELECTRIC DRIVE CONTROL METHOD 

(75) Inventors: Yasuo Yamaguchi, Anjo-shi (JP); 
Yasuhiko Kobayashi, Anjo-shi (JP) 

Correspondence Address: 
OLIFF & BERRIDGE, PLC 
PO. BOX 19928 
ALEXANDRIA, VA 22320 (US) 

(73) Assignee: AISIN AW CO., LTD., Anjo-shi (JP) 

(21) Appl. No.: 10/902,184 

(22) Filed: Jul. 30, 2004 

(30) Foreign Application Priority Data 

Aug. 12, 2003 (JP) .................................... .. 2003-207388 

2_6 
“5 57 5s 14 

17 
:3 

21 

1 8 

22 19 ' » 

F 

24 

Publication Classi?cation 

(51) Int. Cl? .................................................. .. H02K 11/00 

(52) Us. 01. .................................... .. 310/68 R; 310/68 B 

(57) ABSTRACT 

An electric drive apparatus has an electric motor having a 
rotor and a stator; and a magnetic pole position detecting 
portion having a sensor rotor attached to the rotor, and a 
sensor stator that is adjacent to the stator, and that is ?xed to 
a case, and that extends over a partial region of the sensor 
rotor extending in a circumferential direction. Because the 
sensor rotor of the magnetic pole position detecting portion 
is attached to the rotor and the sensor stator is adjacent to the 
stator and is ?xed to the case, it is no longer necessary to use 
an all-round embracing type magnetic pole position detect 
ing portion that embraces the entire shaft of an electric 
machine. 
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ELECTRIC DRIVE APPARATUS, ELECTRIC 
DRIVE CONTROL APPARATUS AND ELECTRIC 

DRIVE CONTROL METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The disclosure of Japanese Patent Application No. 
2003-207388 ?led on Aug. 12, 2003 including the speci? 
cation, drawings and abstract is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The invention relates to an electric drive apparatus, 
an electric drive control apparatus, and an electric drive 
control method. 

[0004] 2. Description of Related Art 

[0005] In a related-art apparatus, an electric drive appa 
ratus is mounted in an electric motor vehicle, Which is an 
electric drive vehicle, so as to cause generation of torque of 
an electric motor that acts as an electric machine, that is, 
motor torque, and transfers the motor torque to driving 
Wheels. The electric motor receives direct current from the 
battery, and is therefore driven to generate the motor torque 
during poWering (driving). During regenerative operation 
(poWer generation), the electric motor receives torque due to 
the inertia of the electric motor vehicle, and therefore 
generates direct current and supplies the current to a battery. 

[0006] Furthermore, in an electric drive apparatus Which is 
mounted in a hybrid vehicle, as an electric drive vehicle, and 
in Which an electric motor is coupled directly to a crankshaft 
of the engine, the electric motor is driven to start the engine, 
and the motor torque is transferred to the driving Wheels. 

[0007] Such an electric drive apparatus is equipped With, 
for example, an inverter for driving the electric motor, a 
motor control apparatus as an electric machine control 
apparatus, etc. When supplying current from a battery to the 
electric motor so as to drive the electric motor and therefore 
cause the electric motor vehicle or hybrid vehicle or the like 
to run, the motor control apparatus detects the position of the 
rotor of the electric motor, that is, the magnetic pole posi 
tion, and generates a pulse Width modulation signal corre 
sponding to the magnetic pole position, and sends the pulse 
Width modulation signal to the inverter, so that the inverter 
generates U-phase, V-phase and W-phase currents. 

[0008] Normally, the detection of the magnetic pole posi 
tion is accomplished through the use of an all-round embrac 
ing type resolver that is disposed on a shaft of the electric 
motor and embraces the entire shaft. HoWever, if the 
resolver is disposed near the motor shaft, the siZe of the 
electric drive apparatus correspondingly increases. 

[0009] Therefore, a loW-resolution pulse generating type 
sensor is disposed near an outer peripheral surface of the 
rotor, and is used to detect the magnetic pole position. In this 
case, the detection of the magnetic pole position can be 
accomplished merely by disposing the sensor, so that the 
electric drive apparatus can be considerably reduced in siZe 
(see, for example, Japanese Patent Application Laid-Open 
Publication No. 2002-369570). 
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[0010] HoWever, in the electric drive apparatus employing 
a loW-resolution pulse generating-type sensor in accordance 
With the related art, if the rotation speed of the electric 
motor, that is, the motor rotation speed, is loW, it becomes 
dif?cult to detect the magnetic pole position, so that suf? 
cient motor torque cannot be generated. The employment of 
an electric motor of high rating is conceivable as a coun 
termeasure, but increases the cost of the electric drive 
apparatus. 

[0011] It is an object of the invention to solve, at least, the 
aforementioned problems of the related-art electric drive 
apparatus and provide an electric drive apparatus, an electric 
drive control apparatus and an electric drive control method 
that alloW a reduction in the apparatus siZe, and that are 
capable of generating suf?cient torque While reducing the 
cost. 

[0012] According to an exemplary embodiment, an elec 
tric drive apparatus includes an electric motor having a rotor 
and a stator; and a magnetic pole position detecting portion 
having a sensor rotor attached to the rotor, and a sensor 
stator that is adjacent to the stator, and that is ?xed to a case, 
and that extends over a partial region of the sensor rotor 
extending in a circumferential direction. 

[0013] As for the magnetic pole position detecting portion 
of the apparatus, the sensor rotor is attached to the rotor and 
the sensor stator is adjacent to the stator and is ?xed to the 
case. Therefore, it is no longer necessary to employ an 
all-round embracing type magnetic pole position detecting 
portion that embraces an entire shaft of an electric machine. 
Hence, the electric drive apparatus can be reduced in siZe. 

[0014] Furthermore, the electric drive apparatus is able to 
generate a detection signal on the basis of a sensor output of 
the magnetic pole position detecting portion even if the 
electric machine rotation speed is loW. Therefore, the mag 
netic pole position can be detected on the basis of the 
detection signal, and suf?cient electric machine torque can 
be generated. 

[0015] Furthermore, because it is unnecessary to use an 
electric machine of high rating, the cost of the electric drive 
apparatus can be reduced. 

[0016] In the electric drive apparatus, the sensor stator 
may include an attaching portion for attaching the sensor 
stator to the case, and a Wire-Wound portion that is located 
radially inWard of an inner peripheral surface of the case, 
and that protrudes from an inner peripheral edge-adjacent 
portion of the attaching portion in tWo opposite circumfer 
ential directions. In this structure, the Wire-Wound portion 
protrudes from an inner peripheral edge-adjacent portion of 
the attaching portion in tWo opposite circumferential direc 
tions, so that a suf?cient quantity of sensor coils can be 
provided on the Wire-Wound portion. Therefore, the mag 
netic pole position can be detected With further improved 
accuracy. 

[0017] An electric drive control apparatus includes a mag 
netic pole position detecting portion; a signal converter that 
generates a detection signal based on a sensor output of the 
magnetic pole position detecting portion; rotation speed 
computation process means for computing an electric 
machine rotation speed based on the detection signal; mag 
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netic pole position computation process means for comput 
ing a magnetic pole position based on the detection signal; 
and phase switching process means for performing phase 
sWitching for computing the magnetic pole position based 
on the electric machine rotation speed and a phase sWitch 
rotation speed. 

[0018] In this electric drive control apparatus, the phase 
sWitching process means performs the phase sWitching for 
computing the magnetic pole position based on the electric 
machine rotation speed and the phase sWitch rotation speed, 
so that the magnetic pole position can easily be detected With 
good accuracy regardless of Whether the electric machine 
rotation speed is high, or is loW as in the case of startup of 
the electric machine. Therefore, suf?cient electric machine 
torque can be generated. 

[0019] The electric drive control apparatus may further 
include acceleration computation process means for com 
puting an electric machine acceleration based on the electric 
machine rotation speed. In this structure, the phase sWitch 
ing process means sets the phase sWitch rotation speed 
corresponding to the electric machine acceleration. Because 
the phase sWitching process means sets the phase sWitch 
rotation speed corresponding to the electric machine accel 
eration, the phase sWitching can be performed With good 
accuracy. Therefore, the magnetic pole position can be 
detected With further improved ease and accuracy. As a 
result, ample electric machine torque can be generated. 

[0020] The electric drive control apparatus may also 
include clock sWitching process means for sWitching a clock 
for sWitching a resolving poWer based on the electric 
machine rotation speed. In this structure, the phase sWitch 
ing process means performs the phase sWitching in conjunc 
tion With sWitching of the clock. Because the phase sWitch 
ing process means performs the phase sWitching in 
conjunction With the sWitching of the clock, it becomes 
possible to curb ?uctuations that occur in the electric 
machine rotation speed and the magnetic pole position in 
conjunction With the sWitching of the resolving poWer of the 
timer. Therefore, the electric machine torque can be stably 
generated. 

[0021] The electric drive control apparatus may further 
include magnetic pole position determination process means 
for determining Whether the magnetic pole position is Within 
a predetermined range, and edge detection prohibition pro 
cess means for prohibiting detection of an edge in the 
detection signal if the magnetic pole position is Within the 
predetermined range. Because the edge detection prohibition 
process means prohibits the detection of an edge in the 
detection signal if the magnetic pole position is Within the 
predetermined range, normal electric machine rotation speed 
can be computed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The invention Will be described With reference to 
the draWings, in Which: 

[0023] FIG. 1 is a sectional vieW of main portions of an 
electric drive apparatus according to a ?rst exemplary 
embodiment; 

[0024] FIG. 2 is a diagram illustrating a mounted state of 
a resolver in the ?rst exemplary embodiment; 
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[0025] FIG. 3 is a block diagram of an electric drive 
control apparatus in the ?rst exemplary embodiment; 

[0026] FIG. 4 is a block diagram illustrating portions of 
the electric drive control apparatus in the ?rst exemplary 
embodiment; 

[0027] FIG. 5 is a timing chart illustrating a method for 
computing the magnetic pole position and the electric motor 
rotation speed according to the ?rst exemplary embodiment; 

[0028] FIG. 6 is a diagram indicating magnetic pole 
position error characteristics in the ?rst exemplary embodi 
ment; 

[0029] FIG. 7 is a main ?oWchart illustrating operations 
of an electric motor control apparatus according to the ?rst 
exemplary embodiment; 

[0030] FIG. 8 is a ?oWchart illustrating a sub-routine of a 
rotation speed computation process in the ?rst exemplary 
embodiment; 

[0031] FIG. 9 is a ?oWchart illustrating a sub-routine of a 
magnetic pole position computation process in the ?rst 
exemplary embodiment; 

[0032] FIG. 10 is a ?oWchart illustrating a sub-routine of 
a phase sWitching process in the ?rst exemplary embodi 
ment; 

[0033] FIG. 11 is a ?owchart illustrating a sub-routine of 
a rotation speed computation process according to a second 
exemplary embodiment; 

[0034] FIG. 12 is a ?oWchart illustrating a sub-routine of 
a phase sWitching process according to the second exem 
plary embodiment; 

[0035] FIG. 13 is a main ?oWchart illustrating operations 
of an electric motor control apparatus according to a third 
exemplary embodiment; 

[0036] FIG. 14 is a ?oWchart illustrating a sub-routine of 
a rotation speed computation process in the third exemplary 
embodiment; 

[0037] FIG. 15 is a ?oWchart illustrating a sub-routine of 
a clock sWitching process in the third exemplary embodi 
ment; 

[0038] FIG. 16 is a ?oWchart illustrating a sub-routine of 
a phase sWitching process in the third exemplary embodi 
ment; 

[0039] FIG. 17 is a conceptual diagram illustrating the 
phase sWitching process and the clock sWitching process in 
the third exemplary embodiment; 

[0040] FIG. 18 is a timing chart of the phase sWitching 
process and the clock sWitching process in the third exem 
plary embodiment; 

[0041] FIG. 19 is a timing chart indicating an operation of 
the magnetic pole position computation process in the case 
Where noise occurs; 

[0042] FIG. 20 is a ?oWchart illustrating a sub-routine of 
a magnetic pole position computation process in accordance 
With a fourth exemplary embodiment; and 
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[0043] FIG. 21 is a timing chart indicating an operation of 
the magnetic pole position computation process in the fourth 
exemplary embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0044] Description Will be made in conjunction With a 
hybrid vehicle as an electric drive vehicle. In the draWings, 
reference numeral 10 denotes an electric drive apparatus; 
reference numeral 12 denotes a crankshaft as an output of an 
engine 11; reference numeral 13 denotes a drive plate; 
reference numeral 14 denotes a torque converter as a ?uid 
transmission apparatus; reference numeral 25 denotes an 
electric motor as a generator-motor that has the functions of 
a generator and a motor; and reference numeral 26 denotes 
an electric drive apparatus case. The torque converter 14 
includes a center piece 15, a front cover 16 connected to the 
center piece 15, a pump impellor 17 connected to the front 
cover 16, a turbine runner 21 that faces the pump impellor 
17, that forms a torus together With the pump impellor 17, 
and that is connected to an input shaft 19 of a speed change 
apparatus 41 via a turbine hub 18, a stator 22, a lockup clutch 
device 23 disposed so as to be engageable and disengage 
able, and a damper device 24 that absorbs ?uctuations in the 
torque transferred via the torque converter 14, that is, 
?uctuations in transfer torque. The electric drive apparatus 
case 26 includes a torque converter case 57 as a ?rst case 

containing the torque converter 14, a motor case 58 as a 
second case containing the electric motor 25, a speed change 
apparatus case (not shoWn) as a third case containing the 
speed change apparatus 41, etc. 

[0045] The rotation transferred from the engine to the 
torque converter 14 is transferred to the front cover 16 via 
the crankshaft 12, and then is transferred to the pump 
impellor 17 ?xed to the front cover 16. As the pump impellor 
17 rotates, oil Within the torus ?oWs round a shaft of the 
torque converter 14, and, due to centrifugal force, circulates 
among the pump impellor 17, the turbine runner 21 and the 
stator 22, thereby rotating the turbine runner 21. Thus, 
rotation is transferred to the input shaft 19. 

[0046] If the pump impellor 17 has just started rotating, 
and therefore there is a great difference in rotation speed 
betWeen the pump impellor 17 and the turbine runner 21 as 
in the case of a launch of the hybrid vehicle, the oil ?oWing 
out of the turbine runner 21 ?oWs in such a direction as to 
impede the rotation of the pump impellor 17. Therefore the 
stator 22 is disposed betWeen the pump impellor 17 and the 
turbine runner 21. If the rotation speed difference betWeen 
the pump impellor 17 and the turbine runner 21 is great, the 
stator 22 changes the direction of ?oW to a direction that 
assists the rotation of the pump impellor 17. 

[0047] As the rotation speed of the turbine runner 21 
increases, and therefore the rotation speed difference 
betWeen the pump impellor 17 and the turbine runner 21 
reduces, the oil, Which has been striking the obverse side of 
the blades of the stator 22, comes to strike the reverse side 
of the blades, so that the ?oW of oil is impeded. Therefore, 
in order to alloW the stator 22 to rotate only in one direction, 
a one-Way clutch F is disposed at an inner periphery side of 
the stator 22. Hence, as the oil comes to strike the reverse 
side of the blades, the stator 22 comes to naturally rotate due 
to the one-Way clutch F, so that the oil smoothly circulates. 
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Then, When a pre-set vehicle speed is achieved after the 
hybrid vehicle has taken off, the lockup clutch device 23 is 
engaged, so that the rotation of the engine is directly 
transferred to the input shaft 19, Without the need for the 
operation of the oil. 

[0048] The electric motor 25 includes a stator 28 ?xed to 
the motor case 58, and a rotor 31 that is provided radially 
inWardly of the stator 28, that is attached to the center piece 
15, that is disposed rotatably, and that is connected to the 
crankshaft 12. Radially outWardly of the rotor 31, the stator 
28 is provided With a stator core 32, and coils 33 Wound on 
the stator core 32. The rotor 31 is provided With a rotor core 
34, and permanent magnets 35 disposed at a plurality of sites 
on the rotor core 34 Which are spaced in the direction of a 
circumference of the rotor core 34. 

[0049] The rotor 31 is centered at the center piece 15 via 
a rotor hub 36. The rotor hub 36 is connected to the front 
cover 16, and is also connected to a drive plate 13. The drive 
plate 13 is fastened to the rotor hub 36 via bolts bt1 as 
fastening members provided near an outer peripheral edge of 
the drive plate 13. 

[0050] In order to detect the magnetic pole position 0 of 
the rotor 31, a resolver 65, as a magnetic pole position 
detector portion, is disposed at a position near an outer 
periphery of the rotor 31 and adjacent to the stator 28. The 
resolver 65 has a sensor rotor 66 as a ?rst detection element 
that is connected to the rotor 31 via bolts bt2 as fastening 
members that fasten the sensor rotor 66 to the rotor hub 36, 
and a sensor stator 67 as a second detection element that is 
disposed adjacent to the stator 28, and that is fastened to the 
motor case 58 by a bolt bt3 as a fastening member, and that 
extends over a limited region of the sensor rotor 66 in the 
direction of a circumference of the sensor rotor 66. 

[0051] Because the rotor hub 36 is disposed near the front 
cover 16, the sensor rotor 66 is attached to the rotor hub 36 
at a site near the front cover 16. In a space radially outWard 
of a portion of the sensor rotor 66 attached to the rotor hub 
36, that is, a sensor rotor-attached portion, the coils 33 are 
protruded toWard the engine 11-side. Therefore, to be clear 
of the coils 33, the sensor stator 67 must be fastened to a 
portion of the motor case 58 Which is forWard (rightWard in 
FIG. 1) of the sensor rotor-attached portion. Hence, the 
sensor rotor 66 has an annular structure formed by eccentric 
and coaxial annular portions. That is, the sensor rotor 66 has 
an annular ?at portion 73 that extends in the radial direction, 
an annular inclined portion 74 that extends diagonally 
forWard and radially outWard from an outer peripheral 
portion of the ?at portion 73, and an annular ?at portion 75 
that extends in the radial direction from an outer peripheral 
portion of the inclined portion 74. If splashes of an oil for 
cooling the electric motor 25 or the like are deposited on the 
resolver 65, the accuracy in detection of the magnetic pole 
position 0 deteriorates. Therefore, a cover 39 that covers the 
coils 33 is disposed at a forWard end side (rightWard end side 
in FIG. 1) of the coils 33. 

[0052] Next, an electric drive control apparatus for con 
trolling the electric drive apparatus 10 Will be described. In 
FIG. 3, reference numeral 29 denotes an inverter for driving 
the electric motor 25; reference numeral 37 denotes a 
driving Wheel; reference numeral 41 is the speed change 
apparatus that is connected to the torque converter 14 and 
that changes the speed of rotation output from the torque 
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converter 14 at predetermined shift speeds; reference 
numeral 43 denotes a main battery as a ?rst battery that 
serves as an electric power supply for driving the hybrid 
vehicle; and reference numeral 45 denotes an auxiliary 
battery as a second battery that serves as an electric poWer 
supply for operating accessories of the hybrid vehicle. The 
inverter 29 is connected to the main battery 43 via direct 
current cables CB1, CB2 and a main relay 47 as a relay, so 
that direct current is supplied to the inverter 29 from the 
main battery 43. The main battery 43 is connected to a 
DC/DC converter 48 via the main relay 47, the direct-current 
cables CB1, CB2, and direct-current cables CB3, CB4 
branching from the direct-current cables CB1, CB2. The 
DC/DC converter 48 is connected to the auXiliary battery 45. 

[0053] In this embodiment, the voltage of the main battery 
43 as a ?rst poWer supply voltage is 42 V, and the voltage 
of the auXiliary battery 45 as a second poWer supply voltage 
is 12 V. The DC/DC converter 48 transforms the voltage of 
42 V into the voltage of 12 V, and also transforms the voltage 
of 12 V into the voltage of 42 V. A sWitch 56 is disposed 
Within the DC/DC converter 48. By turning the sWitch 56 on 
and off, the DC/DC converter 48 can be activated and the 
operation of the DC/DC converter 48 can be stopped. 

[0054] At an inlet side of the inverter 29, a motor inverter 
voltage sensor 76 as a DC voltage detecting portion is 
disposed for detecting the direct-current voltage applied to 
the inverter 29, that is, the motor inverter voltage VM. At a 
predetermined side of the direct-current cable CB2, a motor 
inverter current sensor 78 as a DC detecting portion is 
disposed for detecting the DC current supplied to the 
inverter 29, that is, the motor inverter current IM. The motor 
inverter voltage VM is supplied to a vehicle control appa 
ratus 51, and the motor inverter current IM is supplied to an 
electric motor control apparatus 49. A smoothing capacitor 
C is connected betWeen the inverter 29 and the main battery 
43. 

[0055] The vehicle control apparatus 51 includes a CPU, 
a recording device, etc. (not shoWn), and performs overall 
control of a vehicle drive apparatus, and functions as a 
computer on the basis of predetermined programs, data, etc. 
The vehicle control apparatus 51 is connected to an engine 
control apparatus 46, the electric motor control apparatus 49, 
and an automatic transmission control apparatus 52. The 
engine control apparatus 46 includes a CPU, a recording 
device, etc. (not shoWn), and sends command signals regard 
ing the degree 11 of throttle opening, the valve timing, etc. to 
the engine 1, in order to control the engine 1. The electric 
motor control apparatus 49 includes a CPU, a recording 
device, etc. (not shoWn), and sends a drive signal to the 
inverter 29 in order to control the electric motor 25. The 
automatic transmission control apparatus 52 includes a 
CPU, a recording device, etc. (not shoWn), and sends various 
signals, such as a solenoid signal and the like, to the speed 
change apparatus 41 in order to control the automatic 
transmission. It is to be noted herein that the engine control 
apparatus 46, the electric motor control apparatus 49 and the 
automatic transmission control apparatus 52 form a ?rst 
control apparatus, and that the vehicle control apparatus 51 
forms a second control apparatus that is at a level above the 
?rst control apparatus. Furthermore, the engine control 
apparatus 46, the electric motor control apparatus 49 and the 
automatic transmission control apparatus 52 function as 
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computers on the basis of predetermined programs, data, 
etc., as is the case With the vehicle control apparatus 51. 

[0056] The inverter 29 is driven in accordance With the 
drive signal. During poWering, the inverter 29 receives DC 
current from the main battery 43 to generate currents IMU, 
IMV, IMW in the three phases, and supplies the currents 
IMU, IMV, IMW in the phases to the electric motor 25. 
During regeneration, the inverter 29 receives currents IMU, 
MV, IMW in the three phases from the electric motor 25 to 
generate a DC current, and supplies the DC current to the 
main battery 43. 

[0057] In FIG. 3, reference numeral 44 denotes a remain 
ing battery charge detector device for detecting the state of 
the main battery 43, that is, the amount of charge remaining 
in the battery SOC as a state of the battery; reference 
numeral 53 denotes a shift position sensor for detecting the 
position of a shift lever (not shoWn) provided as a shift 
operating portion, that is, the shift position SP; reference 
numeral 55 denotes an accelerator sWitch as an accelerator 
operation detecting portion and an engine load detecting 
portion for detecting the position of an accelerator pedal (not 
shoWn) (amount of depression of the accelerator pedal), that 
is, the accelerator pedal position AP; reference numeral 62 
denotes a brake sWitch as a brake operation detecting portion 
for detecting the position of a brake pedal (not shoWn) 
(amount of depression of the brake pedal), that is, the brake 
pedal position BP; reference numeral 63 denotes a battery 
temperature sensor as a temperature detecting portion for 
detecting the temperature tmB of the main battery 43; 
reference numeral 65 denotes a resolver; and reference 
numeral 77 denotes an R/D converter (resolver/digital con 
verter) as a signal converter for generating a detection signal 
indicating a magnetic pole position 0 upon receiving a 
sensor output of the resolver 65. The accelerator pedal 
position AP indicates the load on the engine 11, that is, the 
engine load. 

[0058] Furthermore, reference numerals 68, 69 denote 
electric current sensors as AC current detecting portions for 
detecting the currents IMU, IMV in tWo phases; and refer 
ence numeral 72 denotes a battery voltage sensor as a 
voltage detecting portion for the main battery 43 Which 
detects a battery voltage VB as the state of the battery. The 
battery voltage VB is sent to the vehicle control apparatus 
51. As for the state of the battery, it is also possible to detect 
a battery current, a battery temperature, etc. A battery state 
detecting portion is formed by the remaining battery charge 
detector device 44, the battery voltage sensor 72, a battery 
current sensor (not shoWn), a battery temperature sensor (not 
shoWn), etc. The currents IMU, IMV are sent to the electric 
motor control apparatus 49 and the vehicle control apparatus 
51. 

[0059] The vehicle control apparatus 51 sends an engine 
control signal to the engine control apparatus 46, so that the 
driving or stopping of the engine 11 is set by the engine 
control apparatus 46. The electric motor control apparatus 
49 inputs a detection signal from the RID converter 77, and 
computes the magnetic pole position 0 on the basis of the 
detection signal. Furthermore, a vehicle speed computation 
process means (not shoWn) of the vehicle control apparatus 
51 eXecutes a vehicle speed computation process, that is, 
computes a rate of change A0 in the magnetic pole position 
0, and computes the vehicle speed V on the basis of the rate 
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of change A0 and the gear ratio of a torque transfer line from 
the center piece 15 to the driving Wheels 37. 

[0060] The vehicle control apparatus 51 sets a target 
engine rotation speed NE* that indicates a target value of the 
engine rotation speed NE, that is, the rotation speed of the 
engine 11, and also sets a target motor torque TM* that 
indicates a target value of the motor torque TM. Although, 
in this embodiment, the electric motor 25 is used as a starter 
to start up the engine 11, or is used as a generator, it is also 
possible to use the electric motor 25 as an auxiliary drive 
poWer source When the engine torque TE has changed due 
to a change in the degree 11 of throttle opening of the engine 
11. 

[0061] In this embodiment, the resolver 65 adopted is a 
segment-type resolver. Therefore, as shoWn in FIG. 2, the 
?at portion 75 has a plurality of protruded portions 80, that 
is, siX protruded portions in this embodiment, Which are 
protruded radially outWardly, With the number of angle 
multiplications X being 6. The protruded portions 80 form 
siX arcuate portions along an outer peripheral edge of the 
sensor rotor 66. That is, the outer peripheral edge of the 
sensor rotor 66 is provided With a special curved line formed 
so that the gap permeance betWeen the sensor rotor 66 and 
the sensor stator 67 changes in a fashion of sinusoidal 
Waves. Incidentally, reference numeral 85 denotes mounting 
holes for the bolts bt3. 

[0062] The sensor stator 67 has, on its inner peripheral 
edge, a core portion 81 that has a plurality of protruded teeth 
(not shoWn) Which face radially inWard, and sensor coils 82 
Wound on the individual teeth. The number of teeth in this 
embodiment is 6, that is, a multiple of 3. The core portion 81 
includes a mounting portion 83 that is formed With a 
predetermined opening angle in order to attach the sensor 
stator 67 to the motor case 58, and a Wire-Wound portion 84 
that is located radially inWard of the inner peripheral surface 
of the motor case 58, that is protruded in the tWo opposite 
directions of a circumference from an inner peripheral 
edge-adjacent portion of the mounting portion 83, and that 
has a predetermined opening angle. The siX sensor coils 82 
are arranged along the inner peripheral edge of the Wire 
Wound portion 84. Incidentally, the opening angle is set at 
60° or greater in mechanical angle, and at 360° or greater in 
electrical angle. 

[0063] In this case, the Wire-Wound portion 84 protrudes 
from the mounting portion 83 and is arrayed in the circum 
ferential direction. The opening angle of the mounting 
portion 83 is smaller than the opening angle of the Wire 
Wound portion 84. Therefore, the mounting space for the 
resolver 65 can be reduced, and the mounting characteristic 
can be improved. 

[0064] The number of teeth formed on the Wire-Wound 
portion 84 is a multiple of 3, and is 6 in this embodiment. Of 
the 6 sensor coils 82 Wound on the teeth, tWo coils are used 
as magnetiZation coils for inputting a magnetiZation signal 
SGi, and another tWo coils are used as coils for generating 
a ?rst output signal SG1, and the other tWo coils are used as 
coils for generating a second output signal SG2. In this case, 
because the sensor rotor 66 has siX protruded portions 80, 
the numbers of the ?rst and second output signals SG1, SG2 
corresponding to siX rotations are produced and are sent to 
the R/D converter 77 during every rotation of the sensor 
rotor 66. 
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[0065] If the input voltage of the resolver 65 is represented 
by E, the magnetiZing voltage Ein of the magnetiZation 
signal SG1 is: 

Ein=E-sin (m. 

[0066] The output voltages Eout1, Eout2 of the ?rst and 
second output signals SG1, SG2 are: 

[0067] Where K is the ratio of voltage transformation, and 
t is time, and u) is angular speed (=2J'Ef). 

[0068] Therefore, as shoWn in FIG. 4, the sensor stator 67 
and the R/D converter 77 are interconnected by a line L1 for 
sending the magnetiZation signal SGi from the R/D con 
verter 77 to the sensor stator 67, a grounding (GND) line L2 
for the magnetiZation signal SGi, a line L3 for sending the 
?rst output signal SG1 from the sensor stator 67 to the R/D 
converter 77, a grounding line L4 for the ?rst output signal 
SG1, a line L5 for sending the second output signal SG2 
from the sensor stator 67 to the R/D converter 77, and a 
grounding line L6 for the second output signal SG2. 

[0069] Furthermore, the R/D converter 77 and the electric 
motor control apparatus 49 are interconnected. The R/D 
converter 77, upon receiving the ?rst and second output 
signals SG1, SG2 from the sensor stator 67, generates an 
A-phase signal SG-A, a B-phase signal SG-B, and a Z-phase 
signal SG-Z as detection signals, and sends the signals to the 
electric motor control apparatus 49. On the basis of the 
A-phase signal SG-A, the B-phase signal SG-B and the 
Z-phase signal SG-Z, therefore, the electric motor control 
apparatus 49 computes and detects the magnetic pole posi 
tion 0 and the electric motor rotation speed NM as an electric 
machine rotation speed. 

[0070] Thus, in this embodiment, the resolver 65 
employed is a segment-type resolver, and there is no need to 
employ an all-round embracing type resolver that embraces 
the entire shaft of the electric motor 25. Hence, the electric 
drive apparatus can be reduced in siZe. 

[0071] Furthermore, even if the motor rotation speed NM 
is loW, the A-phase signal SG-A, the B-phase signal SG-B 
and the Z-phase signal SG-Z are generated, so that the 
magnetic pole position 0 can be detected. Thus, a suf?cient 
motor torque TM can be generated. As there is no need to 
use a motor of high rating, the cost of the electric drive 
apparatus can be curbed. 

[0072] Elongated holes 86 through Which the bolts bt3 are 
inserted are formed in an outer peripheral edge-adjacent 
portion of the mounting portion 83. Therefore, by loosening 
the bolts bt3 and changing the positions of the bolts in the 
elongated holes 86, the position of the sensor stator 67 With 
respect to the sensor rotor 66 in the circumferential direction 
can be adjusted. As a result, the magnetic pole position 0 can 
be detected With good precision. Furthermore, because the 
Wire-Wound portion 84 protrudes from the tWo opposite 
ends, or Wings, on the same side of the mounting portion 83, 
a sufficient quantity of sensor coils 82 can be provided on the 
Wire-Wound portion 84. Therefore, the magnetic pole posi 
tion 0 can be detected With further improved precision. 

[0073] NeXt, the methods of computing the magnetic pole 
position 0 and the electric motor rotation speed NM Will be 
described. FIG. 5 is a timing chart illustrating a method for 
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computing the magnetic pole position and the electric motor 
rotation speed in accordance With the ?rst exemplary 
embodiment. 

[0074] As for the Z-phase signal SG-Z, as indicated in the 
chart of FIG. 5, Z-phase edges (rising edge) occur With a 
predetermined period or in cycles of 360° in electrical angle. 
As for the A-phase signal SG-A and the B-phase signal 
SG-B, edges (rising edges) of the A-phase and B-phase 
(hereinafter, referred to as “AB-phase”) occur at a very short 
predetermined frequency and With a predetermined phase 
difference therebetWeen. 

[0075] Therefore, if the period of the Z phase, Which 
represents the time betWeen edges in the Z phase, is repre 
sented as T2, the angular speed (,UZ [°/s] in the Z phase is 
computed as folloWs: 

[0076] Through unit conversion, the electric motor rota 
tion speed NMZ [rpm] in the Z phase can be computed. The 
period TZ constitutes or corresponds to a ?rst sampling 
period. Because Z-phase edges occur in cycles of 360° in 
electrical angle, the Z-phase magnetic pole position 02° can 
be computed as folloWs: 

0z=0z-T1 (2) 

=360-T1/Tz, 

[0077] Where T1 is the amount of time folloWing the 
previous occurrence of a Z-phase edge, that is, the elapsed 
time. 

[0078] During each cycle of 360° (=2J'c radian) in electrical 
angle, a predetermined number Cab of AB-phase edges are 
generated. Therefore, AB-phase edges are counted by a 
position counter (not shoWn), and the thus-obtained count 
value is determined as Ci. Then, the count value Ci is read 
in on the basis of a carrier signal generated With a prede 
termined carrier period Tc, and the rotational position ei can 
be computed. Incidentally, the carrier period Tc constitutes 
a second sampling period. 

[0079] Therefore, an AB-phase angular speed (nab [°/s] is 
computed from the present rotational position ei, the previ 
ous rotational position e(i—1) and the carrier period Tc as 
folloWs. 

[0080] The AB-phase electric motor rotation speed NMab 
[rpm] can be computed through unit conversion. 

[0081] Then, the present rotational position 61 can be 
computed as an AB-phase magnetic pole position 0ab°z 

6ab=e1. (4) 

[0082] In this manner, the angular speed (,UZ and the 
magnetic pole position 02 can be computed in accordance 
With the Z phase, and the angular speed (nab and the 
magnetic pole position Gab in accordance With the AB 
phase. 

[0083] In the case Where the resolver 65 (FIG. 4) is a 
segment-type resolver and Where there is a mounting error 
regarding the sensor rotor 66 or the sensor stator 67, for 
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eXample, the sensor rotor 66 is mounted With a center 
deviation, or the sensor stator 67 is mounted With an 
inclination, a result Will be that the gap permeance betWeen 
the sensor rotor 66 and the sensor stator 67 does not change 
in a sinusoidal fashion, so that the output voltages Eout1, 
Eout2 cannot be generated With good accuracy. Therefore, 
the accuracy of the A-phase signal SG-A, the B-phase signal 
SG-B and the Z-phase signal SG-Z degrades, and the 
detection accuracy of the angular speeds uuZ, (nab and the 
magnetic pole positions 02, Gab correspondingly degrades. 

[0084] FIG. 6 is a diagram indicating magnetic pole 
position error characteristics in the ?rst exemplary embodi 
ment. In FIG. 6, the horiZontal aXis indicates the electric 
motor rotation speed NM, and the vertical aXis indicates 
errors (electrical angle) in the magnetic pole positions 02, 
Gab. 

[0085] In FIG. 6, reference character L11 denotes a line 
indicating errors in the magnetic pole position Gab; reference 
character L12 denotes a line indicating errors in the mag 
netic pole position 02 When the electric motor acceleration 
0t is (X1 rpm; reference character L13 denotes a line indi 
cating errors in the magnetic pole position 02 When the 
electric motor acceleration 0t is (X2 rpm (<p1); reference 
character L14 denotes a line indicating errors in the mag 
netic pole position 02 When the electric motor acceleration 
0t is (X3 rpm (<ot2); reference character L15 denotes a line 
indicating errors in the magnetic pole position 02 When the 
electric motor acceleration 0t is (X4 rpm (<ot3); and reference 
character L16 denotes a line indicating errors in the mag 
netic pole position 02 When the electric motor acceleration 
0t is 0 [rpm] (steady state). The electric motor acceleration 
0t constitutes the electric machine acceleration. 

[0086] As indicated in the draWings, if the electric motor 
25 (FIG. 3) is accelerated, the error in the magnetic pole 
position 02 increases With increases in the electric motor 
acceleration 0t as the computation of the magnetic pole 
position 02 has to alWays use a previous edge occurring one 
sampling period (360°) before. 

[0087] Regardless of the electric motor acceleration 0t, if 
the electric motor rotation speed NM is loWer than a 
threshold value NMth that represents a phase sWitch rotation 
speed, the error in the magnetic pole position Gab is smaller 
than the error in the magnetic pole position 02. If the electric 
motor rotation speed NM is greater than or equal to the 
threshold value NMth, the error in the magnetic pole posi 
tion 02 is smaller than the error in the magnetic pole position 
Gab. 

[0088] Therefore, in this embodiment, the phase is 
changed betWeen the AB phase and the Z phase on the basis 
of the electric motor rotation speed NM. If the electric motor 
rotation speed NM is loWer than the threshold value NMth, 
the electric motor 25 is controlled in accordance With the 
angular speed (nab and the magnetic pole position Gab. If the 
electric motor rotation speed NM is greater than or equal to 
the threshold value NMth, the electric motor 25 is controlled 
in accordance With the angular speed (,UZ and the magnetic 
pole position 02. 

[0089] Operations of the electric motor control apparatus 
49 Will neXt be described. In this case, the electric motor 
control apparatus 49 (FIG. 3) performs a feedback control 
through a vector control calculation on a d-q aXes model in 














